ESTIMATING THE SIZE OF AN OBJECT IN A PHOTOGRAPH
Two things are needed to estimate the size of an object in a photograph: (1) the distance at which the object was photographed and (2) a regression equation for predicting the magnification of objects in photographs as a function of distance photographed, specifically for the particular lens that is used. Here, magnification of an object in a photograph refers to size of the object in the photograph relative to the object' s true size.
The relation between the magnification of an object in a photograph and the distance it was photographed at can be obtained by (i) photographing a known-sized object at various measured distances, (ii) measuring the size of the object in each photograph or projected image, (iii) dividing measured size by true size to obtain the magnification of the object at each distance, and (iv) performing regression analysis to obtain a predictive relationship between magnification and distance photographed. This regression equation can then be used to predict the magnification of an object in a photograph taken at a known distance; the actual size of the object is the size measured on the photographic image divided by the magnification. It is critical to note, however, that the regression equation will only predict the magnification of objects in photographs printed or projected at the same photographic enlargement as the photographs used to obtain the regression (photographic enlargement is the size of the total photographic image relative to negative or slide size). Moreover, each regression is specific to a particular lens and researchers will have to obtain their own regression equations.
To determine the relation between the distance at which an object is photographed and its magnification in the photograph, I photographed a 10 cm x 1 cm rectangle, drawn on a flat manila folder, at 10 measured distances between 2.5 m to 15 m. I used a 300 mm and then demonstrate the utility of combining this technique with one described above.
ESTIMATING THE DISTANCE TO AN OBJECT USING A TELEPHOTO LENS
Camera lenses have "distance to object in focus" markings on the focusing ring and these markings permit a rough estimate of the distance to a subject that is in focus. To increase the precision of the markings on the barrel of the 300 mm lens I used, I placed a piece of tape on the focusing ring and marked the tape with the following distance intervals; 0.5 ft divisions between 12 and 15 ft, 1 .O ft divisions between 15 and 30 ft, and 2.0 ft divisions between 30 and 50 ft. The location of each distance marker was determined by focusing on an object at a precisely measured distance from the film plane and I used non-metric intervals because I did not have access to a metric tape measure.
To determine the accuracy of this "rangefinder," I estimated distance by focusing on an object and reading the distance markings on the focusing ring while an assistant measured the actual distance with a measuring tape. The camera was attached to a tripod to increase stability and ease of focusing. The distance estimates I obtained were very accurate. The mean error (absolute value of measured distance minus estimated distance), expressed as a percentage of the measured distance, was 0.89% f 0.68% (n -93). The error also increased sliahtlv with distance: Error (%) = 0.08 Distance (m) +-0.3b, F = 15.39, df = 1,91, P < 0.001. With an average error of less than 1% over the range of distances tested, this method clearly permits an accurate distance estimate. This accuracy, in combination with the precise relation between distance and object magnification, should make it possible to obtain an accurate size estimate from a photograph when the distance to the object is estimated rather than measured directly. The measures of relative body length had a high repeatability (Table 1) quality and some images were difficult to measure. To assess the effect of photograph quality on repeatability, I ranked the quality of each image into three arbitrary categories: (i) Excellent = sharp focus and a perpendicular body orientation, (ii) Good = slightly out of focus chick or body oriented slightly away from perpendicular, and (iii) Poor = badly out of focus and/or body orientation considerably away from lateral. Omitting the small number of Poor rank photographs from the calculation did not affect the repeatability, but the repeatability based solely on Excellent rank photographs was slightly higher (Table 1) . "Body length at waterline" is not a standard measure of body size so I examined the relation between body length at waterline and body mass, a more typical measure of body size. Each chick was weighed within 4 hr of being photographed, and where chicks were photographed more than once on a given day, I used the average of the length estimates. Body length on a photograph is highly correlated with body mass (Fig. 2 ; Pearson correlation r = 0.97, n = 43, P < 0.001) and is thus a biologically meaningful measure of body size.
(3) Wild American Coot chicks. I obtained body size estimates for wild coot chicks during a study ofparental care in central British Columbia in 1992 (Lyon et al., unpubl. ms.). Broods were followed in a floating blind, and swimming chicks (n = 198) were photographed with a 300 mm lens. As described above, I estimated the distance from which each photograph was taken. I later projected each photograph on a screen, measured the body length at waterline of each chick, and converted these measures to estimates of actual body length with the regression shown in Figure 1 . All but two of the 552 photographs were taken at a distance of less than 10 m, and the average photographic distance was 5.84 m (kO.063 m). All chicks were individually color marked within broods. No chick was photographed on more than one day (i.e., each chick was photographed at only one age), but the ages of chicks photographed ranged from 19 to 54 days. Many chicks were photographed two or more times so it is possible to calculate repeatabilities for the body size estimates. I also examined the effect of photograph quality on the repeatability of body measures, as was done for the captive chicks. To calculate repeatability in each case, I excluded chicks represented by a single photograph and then randomly chose 50 chicks from the remaining pool of chicks. The estimates of body length had high repeatabilities (Table 1) . Removing Poor photographs increased repeatability markedly, but there was little increase in repeatability when Good photographs were also excluded (Table 1) . I also examined the repeatability of a second measure of body size, culmen length. As before, I chose 50 chicks at random from the pool of available chicks represented by at least two photographs, except in the trial restricted to "Excellent" photographs, where only 32 chicks were represented by two or more photographs. Repeatabilities of culmen length were also high, and excluding both "Poor" and "Good" quality photographs improved the repeatability noticeably (Table 1) .
DISCUSSION
It is clear that useful size measurements of objects can be obtained from photographs taken at known, or accurately estimated, distances. These measures of body size are not meant to be a substitute for the accurate body size measures needed for some studies. Nonetheless, the high repeatabilities of these measures suggest that they will be useful for studies geared for detecting strong ecological patterns. This technique complements a method described bv Butler et al. (1990) for measuring objects with a telescope. Their method requires that the object sit motionless for a few seconds while size can be estimated from a micrometer eyepiece. Moreover, it is also necessary to measure or accurately estimate the distance between the animal and the telescope. Clearly, this method will not be appropriate for subjects, like precocial young, that move constantly or wherever the distance to the subject cannot be estimated accurately. The photographic method I describe circumvents these problems and can be used for any subject that can be approached fairly closely. It should be particularly useful for obtaining relative indices ofgrowth for aquatic birds with precocial young that can be approached with floating blinds, and these include loons, grebes, and waterfowl. My method has the added advantage of providing a permanent photographic record; moreover, measurement error can be reduced by eliminating low quality photographs from the analyses.
The repeatabilities of body length for captive chicks were much higher than those obtained for wild chicks (Table 1) . and nossible reasons for this difference should be mentioned: I believe that differences between the two trials in the accuracy of distance estimates were probably the most important factor. With the captive chicks, the distance to subject was maintained constant for all photographs. By contrast, distances were variable for the wild chick data set and two factors may have resulted in inaccurate distance estimates. First, the chicks were photographed from a small hole in the blind covering and I had to pull the camera back into the blind to read the distance markings on the lens barrel for each photograph. Pulling the lens back through the opening of the blind may have sometimes caused the lens barrel to rotate away from the focusing position in which the photograph was taken. This source of measurement error could be eliminated with a device that locks the lens into a fixed position when a photograph is taken. A second source of inaccuracy in estimating the distance to the subject is error in reading the distance markings on the lens barrel. Some broods were difficult to approach or remained hidden in the vegetation for long periods of time, and I often had to work quickly to photograph several chicks when I finally succeeded in getting a clear view of the brood. The need for haste may have caused me to incorrectly read the distance markings on the lens barrel. This problem could be reduced if the markings were colorcoded so that major intervals (e.g., 5, 10, 15, . .) could not be confused. Measurement error can be further reduced by photographing each animal or object several times and using the mean value for each individual and, further, by eliminating outlier measurements that differ from the mean value by more than some predetermined amount.
I have demonstrated the utility of using photographs to measure the body size of chicks, but this method can be used to measure the size or area of any objects than cannot be measured directly (e.g., structural size of large birds, large mammals, prey sizes for raptors or piscivores). Similarly, I have shown that a telephoto lens can be used to measure distances to objects in cases where direct distance measurements are not possible, and possible candidates include the height of nests above the ground or the minimum distance that parent birds approach a human observer in studies of nest defense (e.g., Montgomerie and Weatherhead 1988). that parents should be prepared to invest more in older juveniles because they have a higher probability of surviving to breeding age. This may occur because older juveniles are closer to maturation and because the instantaneous rate of juvenile mortality generally decreases with increasing age (Clutton-Brock 199 1). Increase in feeding effort with chick age has been documented for some species of colonial waterbirds. In Pigeon Guillemots (Cepphus columba) provisioning rates increased with chick age, only during the first part of the nestling period (Emms and Verbeek 1991). Feeding rates were not observed to vary with chick age in the closely related Black Guillemot (Cepphus grylle), but size of fish delivered to the nest increased with chick age (Cairns 1987). As chicks grow older they also have greater food requirements, and increased parental care might simply correspond to the higher energetics and nutritional demands of the offspring. Further evidence for increased parental care with increasing age of offspring comes from studies of brood defense. Brood defense has been reported to increase with nestling age in several passerine species offspring age can also be influenced by confounding variables such as parental age and or quality. Breeding success is known to increase with parental age in several bird species (Saether 1990) and this can be the result of increased experience with age. In addition, as parents grow older, their potential for future reproduction decreases. Thus the cost of reduced future reproductive success should decline with age and older parents should be selected to invest more in offspring compared to younger parents (Pugesek 198 1). Therefore, it is important to control for parental age when considering variation in parental care with offspring age.
Here, we analyze data from two years on the duration of feeding bouts by Greater Flamingo (Phoenicopterus ruber roseus) parents of known age and sex to their offspring. We show that only male parental care increases with offspring age. We discuss our results in relation to lifetime reproductive success and costs of reproduction. Birds start to gather at the breeding site in March. Egg laying usually begins in April and continues for four to six weeks. At about 10 days of age the chicks
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